Background Growth-differentiation factor-15 (GDF-15) is a promising prognostic biomarker in patients with chronic heart failure (CHF). Comparatively little is known about the value of repeated measurement of GDF-15 with CHF in Chinese Han population. This study sought to identify the clinical value of repeated measurement of GDF-15 in Chinese Han patients with post-myocardial infarction CHF. Methods In total, 232 consecutive Chinese Han patients with post-myocardial infarction CHF were enrolled prospectively from January 2014 to June 2016.The plasma concentration of GDF-15 was determined on admission and over 12 months. Patients were followed up for all-cause death and a composite outcome of major adverse cardiac events (MACE) included all-cause death, myocardial infarction and first heart failure (HF) re-hospitalization. Association with other clinical variables and adverse outcomes of repeated measurement of GDF-15 was explored. Results The median baseline GDF-15 level was 2025 ng/L. Baseline GDF-15 was moderately associated with baseline N-terminal pro-B type natriuretic peptide (NT-proBNP) (coefficient 0.561, P < 0.001). During a median follow-up of 20 months, there were 53 deaths and 100MACE. GDF-15 remained an independent predictor of all-cause death (adjusted hazard ratio 1.826 per 1 Ln U, 95% CI: 1.037-8.360; P = 0.037) and MACE (adjusted hazard ratio 2.243 per 1 Ln U, 95% CI: 1.181-1.775; P < 0.001) adjusted for established risk factors. Repeated measurement of GDF-15 was performed in 173 survivals over 12months. Increase of GDF-15 over 12 months was associated with dilatation of left ventricle and acted as an independent predictor of subsequent all-cause death (adjusted HR = 3.164, 95% CI: 1.245-0.041; P = 0.015). In the joint model, GDF-15 was also shown to be a risk factor for all-cause death (HR = 2.749, 95% CI: 1.667-3.831; P < 0.001) and MACE (HR = 2.434, 95% CI: 1.425-3.443; P < 0.001). Conclusions Repeated measurements of GDF-15 have promising prognostic value of the risk of all-cause death in Chinese Han patients with CHF post-myocardial infarction. GDF-15 may influence the post-myocardial infarction CHF through the path physiological pathway of myocardial remodeling.
Introduction


Heart failure (HF) is a clinical syndrome caused by a structural and/or functional cardiac abnormality, resulting in a reduced cardiac output unable to meet the body's demand.
Myocardial infarction is the leading cause of HF and the prevalence of ischemic HF has increased, [1] especially in low-and medium-income countries like China. [2] In spite of modern treatment options, chronic heart failure remains associated with poor prognosis and high mortality, exceeding 50% in five years. [3] Accurate risk stratification helps decide on the appropriate type and timing of therapies (in particular, decisions about a rapid transition to advanced therapies) is crucial for the prognosis of patients with HF. [4] However, till now, there is no accurate method to prognosticate patients with HF. For that reason, a number http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology of potential biomarkers that could contribute to the prognosis of HF are exponentially emerging over the recent years. Growth-differentiation factor-15 (GDF-15) is one of the most attractive biomarkers that provide strong prognosis information.
GDF-15 is a member of transforming growth factor β super-family, acting as an anti-hypertrophic, [5] anti-inflammatory [6] and anti-apoptotic [7] cytokine responding to cardiac injury. Clinical studies found GDF-15 was associated with the risk of all-cause death in CHF patients, mainly caucasion.
[810] Comparatively little is known about the association between repeated measurement of GDF-15 and CHF within the Chinese, which is very different in lifestyle, nutrition, and metabolism compared with the Western.
Therefore, this prospective study aimed to investigate and evaluate the clinical value of repeated measurements of GDF-15 in postmyocardial infarction on Chinese Han patients with CHF.
Methods
Study population
A total of 232 consecutive patients with CHF admitted to the Department of Cardiology of Chinese PLA General Hospital were enrolled prospectively from January 2014 to June 2016, with the following inclusion criteria: (1) age ≥ 18; (2) NYHA cardiac functional classification II-IV; [3] (3) LVEF < 40%; and (4) a history of MI, and stabilized ≥ one months. Participants were excluded based on the following criteria: (1) having an ethnic origin other than Han (defined as one of the subject's parents not being Han as ascertained by the identification card of China or the subject having a cultural identity other than Han); (2) being in the acute onset phase of acute coronary syndrome (ACS) or HF or within less than three months of achieving a stable condition as judged by the researchers; (3) having been diagnosed with HF before myocardial infarction; (4) having a history of corticosteroids intake within six months; (5) having a history of plasma GDF-15-related disease [renal impairment (defined as estimated glomerular filtration rate < 30 mL/min), malignant tumor or chronic obstructive pulmonary disease ]; (6) having a history of mental disorder; (7) being pregnant; (8) exhibiting intolerance to dual antiplatelet therapy or statin; and (9) being unable or unwilling to provide informed consent. All participants were followed up by telephone or at the outpatient clinic of the Department of Cardiovascular of Chinese PLA General Hospital. The study had two primary end points: all-cause death and a composite endpoint of major adverse cardiac events (MACE) including all-cause death, myocardial infarction and first HF rehospitalization.
This study protocol was approved by the Ethics Committee of Chinese PLA General Hospital and registered in Chinese Clinical Trial Registry (ChiCTR-RRC-17013396). All subjects provided informed consent and all experiments were performed in accordance with relevant guidelines and protocols.
Data collection
Demographic characteristics, history of chronic disease, long-term medication use, and lifestyle factors were recorded using a standardized questionnaire by two experienced cardiologists. Standard physical and biochemical examinations were completed for all participants. A diagnosis of HF and myocardial infarction was based on national guidelines. [11, 12] All blood samples were withdrawn after overnight fasting and were placed in a freezer at 4°C immediately after phlebotomy. Centrifugation for the separation of plasma was performed within 1 h of collection, and specimens were stored at 81°C until analyzed. A total of 172 patients had blood samples drawn again when they were rehospitalized for HF.
The plasma concentrations of GDF-15 and high-sensibility cardiac troponin T (hs-cTnT) were determined by electrochemiluminescence immunoassay (Roche Diagnostics, GmbH). Routine assays of other biochemical parameters such as hemoglobin (Hb), albumin, creatinine, uric acid (UA), and C-reaction protein (CRP), interleukin-6 (IL-6) and NT-proBNP were performed in the Clinical laboratory or Biochemistry Department of Chinese PLA General Hospital at the same time. 
Data analysis
All data were analyzed with the statistical software R packages and SPSS version 20.0. All statistical evaluations were carried out assuming a two-sided test at the 5% level of significance. Baseline characteristics were reported as follows: categorical variables as percentages (%), continuous variables as the mean ± SD if normally distributed or medians (25 th and 75 th percentiles) if not normally distributed. Continuous data with a normal distribution and homogeneity of variance were compared by one-way ANOVA, otherwise by Kruskal-Wallis test. Categorical data were compared by X 2 analysis. Spearman rank correlation was used to explore the relationship between baseline GDF-15 quartiles or an increase of GDF-15 over 12 months and related clinical parameters. Kaplan-Meier (KM) survival curves and the log-rank test were performed according to the time of the endpoints. Cox regression analysis using backward selection was used to determine whether baseline GDF-15 was independently associated with the time to endpoint events. A receiver operating characteristic (ROC) curve was generated to statistically assess the sensitivity and specificity of baseline GDF-15 measurements and their additional prognostic utility using the method of Delong, et al. [13] The Wilcoxon matched-pair signed rank test was used to compare repeated GDF-15 measurements in the same individual. Joint modeling of longitudinal data [14] was used to separately analyze the repeated measurements of GDF-15 in 173 patients who survived over one year. Differences were considered significant at P < 0.05 (two-sided).
Results
Baseline characteristics of study population
Our study cohort consisted of 232 patients (70.3% male) with a mean age of 65.6 ± 12.1 years. The baseline GDF-15 level was 2,025 (interquartile range, 1,213 to 3,372; range, 259 to 25,637; n = 232) ng/L. A total of 75.9% of the patients presented with GDF-15 levels over 1,200 ng/L, the upper limit of normal in healthy elderly individuals. [15] All of the patients were categorized by GDF-15 quartiles. The baseline characteristics of the patients in relation to baseline GDF-15 quartiles are shown in Table 1 . Spearman rank correlation analysis showed GDF-15 quartiles were associated with a series of variables. (Table 2 ) Correlations between GDF-15 and variables other than baseline NTproBNP (coefficient 0.561; P < 0.001)were weak (all coefficient < 0.4). No significant correlation was found between GDF-15 and other inflammatory factors, C-reaction protein (CRP, coefficient = 0.036; P = 0.587) and interleukin-6 (IL-6, coefficient = 0.026; P = 0.699), respectively.
Association between baseline GDF-15 and endpoints
During a median follow-up of 20 months (interquartile range, 12 to 26 months), 53 patients (21%) died and 100 patients (43.1%) had a MACE. KM survival curves showed higher baseline GDF-15 quartiles were associated with higher rates of all-cause death and MACE ( Figure 1 ).
Baseline GDF-15, NT-proBNP, hs-cTnT, CRP and IL-6 were natural log transformed to meet a normal distribution and comparative variance before being entered in theCox regression analysis. A one unit increase in Ln (biomarker) was equivalent to a 172% increase of absolute biomarker value. Predictors of endpoints identified from single-variable Cox regression analysis were performed to evaluate every variable. LnGDF-15, LnNT-proBNP and Lnhs-cTNT were significantly correlated with all-cause death and MACE, but not LnCRP and LnIL-6. LnGDF-15 had the highest HR (3.813, 95% CI: 2.4715.886) compared with other biomarkers.
Variables with a significant (P < 0.05) correlation with endpoint events were included in the multiple-variable Cox regression analysis. Firstly, previously recognized clinical prognostic variables including age > 70, history of hypertension, NYHA class, LVEF < 30%, QRS interval > 120 ms, albumin, Hb < 13 g/L and eGFR were entered into the multiple-variable Cox regression analysis, generating Model 1. Secondly, LnNT-proBNP and Lnhs-cTNT were added to Model 1 to generate Model 2. GDF-15 remained a strong independent predictor of endpoints, even after adjusting for Model 1 and Model 2 ( Table 3) .
ROC curves for the prediction of all-cause death and MACE identified an incremental predictive utility of GDF-15 in Models 1 and 2. (Figure 2 ) In ROC curves for the prediction of all-cause death, Model 1 combined with GDF-15 raised AUCs from 0.752 to 0.820 (P < 0.001), and Model 2 combined with GDF-15 raised AUCs from 0.864 to 0.874 (P = 0.212). In ROC curves for the prediction of MACE, AUCs were raised from 0.646 to 0.788 (P < 0.001) and from 0.758 to 0.808 (P = 0.006) for Models 1 and 2, respectively. Additionally, no significant difference was observed between the AUCs of Model 1 combined with GDF-15 and Model 1 combined with GDF-15 in ROC curves for the prediction of MACE (0.788 vs. 0.808, P = 0.187). The largest AUC for GDF-15 was obtained at the optimal cutoff value of 1964 ng/L, with a sensitivity of 88.7%, a specificity of 59.2%, and a Youden index = 0.479, in ROC curves for prediction of all-cause death. In addition, for MACE, the largest AUC of GDF-15 was obtained at the optimal cutoff value of 2257 ng/L, with a sensitivity of 74%, a specificity of 78%, and a Youden index = 0.529.
Change of GDF-15 over 12 months
In all, 173 patients survived 12 months and had repeated percent of the survivals had a decreased GDF-15 level (defined as GDF-15 level over 12 months lower than baseline), the rest had a increased GDF-15 level (defined as GDF-15 level over 12 months higher than baseline). When grouped by change in GDF-15 level, an increase in GDF-15 level was weakly correlated with baseline heart rate (coefficient = 0.218, P = 0.004), baseline LVEDD (coefficient = 0.305, P < 0.001), LVEDD over 12 months (coefficient = 0.347, P < 0.001) and change of NT-proBNP (coefficient = 0.347, P = 0.001). These results indicated an association between repeated measurements of GDF-15 and left ventricular remodeling (defined as LVEDD over 12 months larger than baseline). Therefore, we performed further correlation analanalyses between repeated measurements of GDF-15 and LVEDD, identifying the significant difference in baseline GDF-15 levels between a remodeling group and controls (median level 2832 vs. 1116 ng/L, P < 0.001 ( Figure 3 ). Single-variable Cox regression identified left ventricular remodeling and an increase in GDF-15 level, but not a change in NT-proBNP or hs-cTnT, to be risk factors for endpoints beyond previously found variables. In consideration of the measurement error in GDF-15, analysis using joint modeling of longitudinal and survival data for the 173 patients survived one year was performed with the methods of piecewise-PH-aGH. Risk factors previously recognized and LVEDD (found significant correlated with change of GDF-15 level) were added into the joint model. And to facilitate operation of the model, Albumin and eGFR were also natural log transformed. Results was shown in Table 4 . We found that 1% increase in GDF-15 level was associated with a 2.7% (95% CI: 1.7%3.8%) increased hazard for All-cause death and 2.4 (95% CI: 1.4%3.4%) increased hazard for MACE.
Moreover, to evaluate prognostic value of the changing trend of GDF-15 level, Model 3 was generated after Left ventricular remodeling and LnGDF15 over 12 months added into Model 2. After adjustment for Model 3, multivariable COX regression analysis indicated increase of GDF-15 level was an independent predictor for subsequent all-cause death (adjusted HR = 3.164, 95% CI: 1.2450.041; P = 0.015), but not for MACE (HR = 1.219, 95% CI: 0.679 2.189; P = 0.507). Adding increase of GDF-15 level into Model 3 raised AUCs of ROC for subsequent all-cause death from 0.874 to 0.877, but the improvement was no significant (P = 0.738).
Discussion
This prospective observational study identifies baseline GDF-15 level and change of GDF-15 over 12 months as useful predictors for all-cause mortality in Chinese Han patients with post-myocardial infarction CHF.
In the present study, we restricted our subjects to HF patients with exclusive aetiology of myocardial infarction, the most common cause. The baseline GDF-15 level of our CHF cohort was consistent with similar cohorts from Western populations [810] and South Asian [16] , but notably higher than another Chinese CHF cohort [17] that only determined Rather different subjects may have resulted in the bias. Our study had restricted inclusion criteria with LVEF < 40%, comparatively the previous Chinese CHF cohort included 53% patients with preserved ejection fraction (LVEF > 45%) and analyzed data of different HF terminology homogeneously. Moreover the previous Chinese CHF cohort did not exclude some co-morbidity (for example, chronic obstructive pulmonary disease [18] ) that may influence plasma GDF-15 level. The discrepancy may also be caused by assay differences.
The associations with GDF-15 identified from our study were consistent with previous studies in clinical (BMI, NYHA Class), echocardiographic (LVEF), and traditional biochemical markers (Hb, UA, eGFR, et al). However, inflammatory markers (CRP, IL-6) were not related to GDF-15 in the present study, which differed from the results from Valsartan Heart Failure Trial (Val-HeFT). [9] Though inflammatory cytokines have been shown to enhance the expression of GDF-15 in heart, these were found in animal model of acute stage of heart injury. The pathophysiological effects of GDF-15 may vary with the stage of the disease. [6, 1921] Our study population was in stable stage of heart failure, we postulated that our patients had lower inflammation. However discrepancy in lifestyle, nutrition, and metabolism between different ethnic groups may also cause these varieties in characters of disease. Furthermore, this study was an observational study, all participants were treated according to national guidelines and patients real status, in another word our study was more real world study compared with the randomized control design of Val-HeFT.
It is notable that higher baseline levels of GDF-15 were associated with left ventricular remodeling. In contrast, left ventricular dilatation predicted increasing levels of GDF-15
http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology over 12 months. Dominguez-Rodriguez, et al. [22] and Wang, et al. [23] elicited the similar conclusion. These results suggest that GDF-15 may exacerbate the progression of HF by interacting with left ventricular remodeling and further support the utility of following GDF-15 levels for guiding management decisions aimed at inhibiting left ventricular remodeling.
Prognostic analysis in our study identified baseline GDF-15 level and increase of GDF-15 over 12 months provided independent prognostic information about all causedeath beyond established clinical and biomarkers in Chinese Han Patients with post-myocardial infarction CHF. An increase of 172% increase of baseline GDF-15 was associated with a 1.826-fold higher risk of all-cause death and a 2.243-fold higher risk of MACE. In order to obtain an unbiased estimate of the effect of a GDF-15 on all-cause death and MACE using standard survival analysis methods, it is necessary that GDF-15 can be measured at all times and without error. Therefore a joint modeling of longitudinal and survival data for the 173 patients survived one year was performed. The results of joint modeling also revealed that GDF-15 to be an independent risk factor for All-cause death and MACE, even with a higher hazard ratio than the separate analysis of all subjects, 2.749 vs. 1.826 and 2.434 vs. 2.243, respectively. The independent prognostic value of baseline GDF15 in our CHF population is consistent with previous studies that investigated mainly in Caucasian CHF population. Kempf, et al. [8] provided the first evidence of the incremental prognostic utility of GDF15 over NT-proBNP and NYHA functional class or other established clinical risk factors from a Caucasian cohort in 2007. In 2010, Inder S. Anand, et al. [9] confirmed that plasma GDF-15 are associated with prognosis independently of many established risk factors of CHF from part of Val-HeFT database (1734 of 5010 CHF patients). Lok, et al. [10] observed GDF-15 to be an even stronger predictor than NT-proBNP. Recently, a study [13] on Southeast Asian CHF cohort came to the same conclusion that elevated circulating GDF-15 identified patients at increased risk of death or HF re-hospitalization in CHF. The latest evidence elicited from HF-ACTION (Heart Failure: A Controlled Investigating Outcomes of Exercise Training) trial [24] supported GDF-15 to be an independent prognostic biomarker in CHF. However, GDF-15 had been previously reported as a predictor of all-cause mortality associated with non-cardiac conditions (such as malignancies and pulmonary diseases) from many researchers.
[2527]
Therefore, it should be cautioned to use GDF-15 as a interpreting endpoints of all-cause mortality. Despite the different change over time, increase of GDF-15 predicted subsequent adverse outcomes both in our study and other two studies [9, 15] with repeated measurement. In addition, therapy at discharge and during follow-up should need to be related to prognosis, even though there was no significant correlation between therapy and outcomes in our study. The real world observational study design could account for the unreasonable results, as all subjects were treated according to relevant guidelines [3, 4] by two experienced clinicians and the therapy was not studied as the intervention factor. For example, the only reason why less than 30% of subjects didn't received ACEI or ARB therapy was the subjects' intolerance to side effects or hypotension.
Moreover, we found potential of GDF-15 to improve risk stratification as adding GDF-15 to basic model including previously identified risk predictors raised AUCs of ROC for all-cause mortality and MACE. What more prevalent nowadays is multi-biomarkers strategy with GDF-15 to optimize the risk stratification. [28, 29] 
Limitations
Our study has several limitations, which should be taken into account while interpreting the results. Firstly, this is a single center investigation with a relative small sample size and short follow-up. Secondly, there is a debate on whether GDF-15 is triggered post left ventricular remodeling, or whether GDF-15 itself is a mediator of remodeling, this study did not answer the question. Third, the analysis of these 173 patients is only exploratory and biased, including only patients who survived 12 months and had repeated measurement of GDF-15. Lastly, all treatment did not show influence on GDF-15 level, prospective and preferably randomized studies are needed to further evaluate the utility of GDF-15 for guiding management decisions and treatment selection, in comparison to and in combination with other biomarkers and clinical predictors.
Conclusions
An elevated baseline plasma level of GDF-15 and further increase over 12 months are independent risk factors of all-cause death in Chinese Han patients with post-myocardial infarction CHF. GDF-15 may influence the prognosis of post-myocardial infarction CHF through the pathophysiological pathway of myocardial remodeling.
